Objectives: To examine the impact of a successful 12-month behavioral intervention to improve diabetes control on health care utilization in American Samoa. Methods: A cluster-randomized design was used to assign 268 diabetes patients to a nursecommunity health worker intervention or usual care. Hospitalizations, emergency department, and primary care physician visits were collected retrospectively for 1 year prior to, and during, the intervention to assess changes in health care utilization. The association of utilization changes with change in HbA1c during the intervention was assessed. Results: Adjusted incidence rate ratios (RR) for primary care physician visits were significantly higher in the community health worker relative to the usual care group (RR ¼ 1.71; 95% CI, 1.25-2.33). There was no main intervention effect on emergency department utilization, but visits in the prior year modified the intervention effect on emergency department visits. Increased primary care physician utilization was associated with greater decreases in HbA1c (b ¼ À0.10, SE ¼ 0.04, p ¼ 0.01). Conclusions: A culturally adapted community health worker diabetes intervention in American Samoa significantly increased primary care physician visits, and decreased emergency department visits among those with high emergency department usage in the prior year. These changes suggest important and beneficial impacts on health system utilization from the diabetes intervention in a low resource and high-risk population.
Introduction
American Samoans have high type 2 diabetes levels, approximately 21.5% among those greater than 18 years, due to nutritional transitions and the rise in obesity and hypertension over the last 30 years. [1] [2] [3] [4] Health inequalities among American Samoans especially in non-communicable diseases (NCDs) and their risk factors such as dietary intake, sedentariness, and low health literacy are associated with rapid modernization and the health transition, relative geographic isolation, and an underdeveloped health care system with a health care professional shortage. 5, 6 American Samoa (AS) is located in the central South Pacific, approximately 2400 miles Southwest of Hawaii, has a population of 55,519, and 58% of families are below the US poverty level. 7, 8 These AS individual and social structural characteristics are broadly similar to other US low income and ethnic minority communities, such as Native Americans, Hispanic, and African-American groups, as well as to low-and middle-income countries experiencing health transitions. Thus, research in this setting may be generalized outside of contemporary Polynesian settings.
Community health worker (CHW) interventions have been shown to improve biomarkers of diabetes control and reduce high utilization of health care from emergency visits and hospitalizations. 9, 10 There have been observational and non-randomized diabetes studies among Pacific Islanders, [11] [12] [13] [14] and Torres Strait Islanders. 15, 16 Diabetes Care in American Samoa (DCAS) is the first randomized controlled trial (RCT) for diabetes in AS and assessed the effects on diabetic control of a 12-month nurse-CHW team intervention, compared with usual care group. 17, 18 We found significant improvement in glycosylated hemoglobin (HbA1c) in the CHW group compared with usual care group. 18 Adjusted HbA1c among CHW participants was 0.53 units less at the end of the intervention compared with the usual care group, and the odds of reporting a change of at least 0.5% in HbA1c from baseline to end of treatment for the CHW group was 2.07 times greater than among the usual care group. 18 DCAS culturally translated one of the few well-designed RCTs with a CHW model, Project Sugar, which examined a nurse-CHW team model for diabetes management among African-Americans on Medicare in West Baltimore. 19, 10 Project Sugar found significant decreases over 2 years in emergency department (ED) visits in the CHW group. 10 An earlier CHW program for West Baltimore type 2 diabetes patients conducted a retrospective evaluation of Medicaid claims and found a 40% reduction in ED visits and a 33% reduction in hospital admissions. 20 This report describes the impact of the DCAS behavioral intervention on health care utilization, including ED visits, hospitalizations, and primary care physician (PCP) visits, as well as the association of utilization with change in HbA1c among Samoan adults with type 2 diabetes. Based on prior studies and the design of our intervention 17, 18 we hypothesized that those receiving the CHW intervention would show reduced ED visits and hospitalizations, and increased PCP visits during the intervention year, compared with those in the usual care group.
Methods

Study design, setting, and participants
DCAS was a cluster RCT conducted on the main island of Tutuila in AS. Study participants were drawn from patient records of the Tafuna Clinic (TC), a federally qualified community primary health care center. 18 Villages within TC's catchment area were randomized to the CHW intervention or usual care/wait-list control arms with six villages assigned to the 12-month CHW intervention and 6-12 months of usual care. 18 Villages were matched by size and different location to avoid intervention and usual care villages being adjacent to one another to limit potential contamination.
Health center staff enrolled patients on a rolling basis with broad eligibility criteria to test real-world effectiveness. Eligible patients were adults who self-identified as Samoan, had type 2 diabetes diagnosed by a physician, were mentally competent and willing to give informed consent, were unlikely to leave AS for 4 months during the study, and were free of comorbid conditions likely to lead to death in the next year. Patients had to be willing to receive care at TC, where the CHW intervention was based. While some patients had sought primary care at the hospital prior to the study, they were able to enroll if they moved their primary care or used both sites.
The sample for the health care utilization study consisted of all 268 participants enrolled in DCAS. 18 Of the 268 participants from 12 villages, 104 (93 households) were assigned to the CHW intervention and 164 (148 households) were assigned to the usual care group (Figure 1 ). This imbalance was due to differential recruitment efforts on the part of the field staff as they strove to meet enrollment targets.
The study design for assessment of health care utilization was based on a comparison between the CHW and the usual care trial arms of the changes in utilization during the 12 months in the intervention trial relative to utilization in the year before trial entry. The primary outcome measures were the numbers of ED visits, overnight hospitalizations, and PCP visits during the intervention year, based on medical chart records. ED visits and hospitalizations were considered to reflect poor diabetes control, while PCP visits reflected good adherence to diabetes management guidelines. In addition, we sought to detect an association between changes in ED and PCP visits and changes in HbA1c during the intervention. All study protocols and informed consent procedures were approved by Institutional Review Boards of the AS Department of Health and Brown University.
Intervention DCAS project staff included a nurse case manager (NCM) and four CHWs. Intervention content included a menu of eight topics, including basic diabetes information and seven diabetes-related behaviors (healthy eating, physical activity, medication adherence, monitoring, risk reduction, healthy coping, and problem solving). 18, 21, 22 During their visits, CHWs used flipcharts modeled on the National Diabetes Education Program flipcharts for diabetes prevention to facilitate their teaching of basic diabetes education. 23 These flipcharts included eight sections corresponding to the aforementioned diabetes-related behaviors and were adapted to the local context by incorporating cultural features that had been identified through formative focus groups with diabetes patients and in-depth interviews with health care providers. 17 The specific content of each participant's intervention was guided by patient risk and patient self-directed goals from the menu of eight topics listed above. Risk profiles were determined by data collected at the baseline assessment and included HbA1c, BP, smoking status, alcohol use, and depression scores on PHQ-9. Higher risk patients were seen weekly, moderate risk patients were seen monthly by CHWs, and lower risk patients were seen every 3 months. 18 The intervention encouraged participants to have regular doctors' appointments for diabetes care, following American Diabetes Association guidelines. 24 Blood glucose (BG) and BP were monitored at each intervention visit. When urgent levels (defined as BG ! 400 mg/dL and BP ! 200/120 mmHg) were detected, patients were referred immediately to the TC physician (if during clinic hours) or to the hospital ED (if outside of clinic hours).
Data collection
The baseline assessment included information on sociodemographics, personal beliefs about diabetes control, diet and exercise, and clinical indicators such as BMI, BP, BG, and HbA1c. Using this information, CHW group patients were assigned one of three risk profiles as explained above. Following the baseline assessment, the usual care group patients continued receiving primary care for their diabetes based on their regularly scheduled and any self-initiated appointments for 1 year. 18 The follow-up assessment was conducted in both groups 12 months after baseline. After follow-up the usual care group received the CHW intervention. Glycemic control was measured as HbA1c to reflect BG over a 3-month period, using DCA 2000 Õ þ analyzer. 25, 26 The DCA 2000 reports only ''>14'' for HbA1c values greater than 14; we had eight such values, five in the usual care and three in the CHW group; these were coded as 14, thus the mean HbA1c is conservative.
The health care utilization data collected were the number of ED visits, overnight hospitalizations, and PCP visits during the year before and 1 year after enrollment, or until ineligibility due to pregnancy, dialysis, or off-island travel of a duration exceeding 4 months. Data were abstracted from the Computerized Patient Record System (CPRS) at LBJ Tropical Medical Center, the hospital in AS. Supplementary data on PCP visits (including visit dates and reasons) at TC were abstracted from their paper medical records. As noted, some patients had used LBJ doctors for primary care and may have used both sites for care during the study. It is possible that individuals obtained primary care at one of the outlying community health centers but very unlikely given the greater distance between facilities. Thus, data obtained from their records provide the best measure of health care visits on the island. It was not possible to obtain care utilization data outside AS.
Statistical analysis
Baseline variables were compared between the CHW intervention and usual care groups using t-tests for continuous variables and 2 tests for categorical variables. As the health care utilization data did not follow a normal distribution, non-parametric tests were used to detect utilization differences between groups (whether the difference between the year prior to baseline and the year after baseline were statistically different between the two groups) and within group changes. Specifically, the Wilcoxon twosample test was used to detect baseline differences in ED and PCP visits between groups and the signed-rank test was used to detect within group changes in ED and PCP visits from the year before study enrollment to the 12-month follow-up. Hospitalizations were analyzed as a dichotomous variable (any/none) and within group changes were analyzed using McNemar's test.
The main outcome variables were number of ED visits and number of PCP visits with intervention status as the exposure variable. Negative binomial regression was used to account for multiple visits censored for death and loss to follow-up. Estimates are absolute rate differences (RDs) and ratios of utilization rates (rate ratios (RRs)) in the two groups. Three interactions were examined to investigate whether baseline risk level, the number of ED visits in the year before enrollment, or the number of PCP visits in the year before enrollment modified the effect of the intervention. In subsidiary analyses, adjustment was made for age, gender, and baseline characteristics (location of doctor (TC, LBJ, both), risk level, personal perception of diabetes control as measured by response to the single item, ''my diabetes in is good control'' (5 ¼ strongly agree, 1 ¼ strongly disagree) 27 pre-baseline utilization, and the interaction of pre-baseline utilization with treatment group). Analyses controlled for the clustering of participants in villages and households through the use of generalized estimating equations.
As a subsequent step, we tested the association between changes in HbA1c during the 12-month intervention and PCP and ED visits, using a series of mixed effects regression models, controlling for baseline outcome values, as well as covariates (indicators of potential contamination by church, co-morbidities, perceived diabetes control, gender, age, baseline risk level). Models included random intercepts to account for within subject correlation between repeated outcomes over time and standard errors accounted for two levels of clustering: households and villages. Estimation is likelihood based and thus makes use of all available data (intent to treat analysis).
All analyses were conducted using SAS statistical software (version 9.2 SAS Institute Inc., Cary, NC, USA).
Results
Baseline characteristics
Patients were enrolled between February 2009 and May 2010 and all participants completed the follow-up assessment by June 2011. Roughly two-thirds of participants were women and their mean age was 55 years (Table 1 ). More than half were unemployed, reflecting the age of the sample and high level of unemployment in AS. Clinical characteristics, including body mass index, HbA1c, and BP of the groups were similar. Baseline differences in risk levels based on clinical indicators and selfreported health behaviors were not statistically significant between the two groups. Although there was no statistically significant utilization difference in the year prior to baseline between the two groups in terms of the frequency of ED and PCP visits (Table  1) , patients in the CHW group were more likely than usual care patients to receive their primary care at TC. Patients assigned to intervention and usual care groups also differed in the language spoken during the baseline interview, with more patients in the usual care arm speaking Samoan only. Compared with those in the usual care group, patients in the CHW group were more likely to believe at baseline that their diabetes was in good control. There was no difference in loss-to-follow-up between groups, with 91% retention overall. Losses occurred primarily due to death, initiation of dialysis, and off-island travel of a duration exceeding 4 months. In the CHW group, there were three deaths and seven losses to follow-up and in the usual care group there were two deaths and twelve losses to follow-up.
ED visits, hospitalizations, and PCP visits at 12 months
Unadjusted analyses using non-parametric methods showed no change in hospital utilization in the CHW and usual care groups from baseline to 12-month followup. An unadjusted comparison of within group changes in ED visits and PCP visits between the intervention and usual care groups is presented in Table 2 . These results indicate a statistically significant increase in PCP visits in the CHW group during the intervention year. There was a temporal decline in emergency care visits in the CHW group but this did not reach statistical significance (p ¼ 0.087). No significant changes from the prior year in ED or PCP visits occurred in the usual care group during the 12-month study period. A comparison of CHW and usual care groups in terms of median changes scores (the difference between numbers of pre-intervention and post-intervention visits) for PCP visits and ED visits showed no significant difference (p-values for the Wilcoxon rank sum test were 0.591 and 0.086 for ED visits and PCP visits respectively). Unadjusted incidence RR for ED visits showed a decrease in ED visits and an increase in PCP visits in the intervention group relative to the usual care group ( Table 3 ). The observed increase in PCP visits in the CHW group remained statistically significant (adjusted RR, 1.71; 95% CI, 1.25-2.33; rate increase 71%) in analyses that controlled for the effect of clustering of patients in villages and households, age, sex, pre-baseline utilization, baseline risk level, as well as self-reported physician location and perceived diabetes control. However, no significant difference between the two groups in ED visits (adjusted RR, 1.04; 95% CI, 0.69-1.57; rate increase 4%) was detected in analyses controlling for these same variables. As expected, the numbers of ED and PCP visits in the year before study enrollment were significant predictors of visits during the intervention year (p < 0.001). Baseline risk level did not appear to modify the effect of the intervention on ED visits (p-value for interaction term ¼ 0.50) or PCP visits (p-value for interaction term ¼ 0.34).
There was a significant interaction (p ¼ 0.018) between group and the number of ED visits during the year before study enrollment. Analyses indicated the CHW intervention had a greater effect in reducing ED visits in those who had more ED visits before study enrollment; each additional ED visit before enrollment was associated with a 20% (95% CI: 12%, 26%) reduction in the relative risk of ED visits during the intervention year. The interaction between the intervention and the number of PCP visits in the year before study enrollment was marginally significant (p ¼ 0.067).
Effect of ED and PCP visits on changes in HbA1c from baseline to 12 months
There was not a significant association between ED visits and changes in HbA1c (b ¼ À0.08, SE ¼ 0.04, p ¼ 0.08). However, PCP visits were significantly and inversely associated with changes in HbA1c, even after adjusting for trial group, potential confounders, and baseline values (b ¼ À0.10, SE ¼ 0.04, p ¼ 0.01). Specifically, the mean difference in HbA1c at the end of the intervention was 0.10 units less for every one-unit increase in PCP visits over the treatment period in the entire study sample.
Discussion
In this low-income American Samoan setting a 12-month CHW diabetes intervention increased primary care utilization by 71% in the CHW group compared with the usual care group, adjusting for PCP visits in the year before the intervention. Based on the underdeveloped health care system currently in AS related to NCDs, especially type 2 diabetes, 6, 17 and the design of our intervention to increase understanding and ability to Adjusted for age, sex, and baseline characteristics (doctor location, risk level, health beliefs, pre-baseline utilization, and the interaction of pre-baseline utilization with treatment group) with over-dispersion parameter and control for the effect of clustering in villages and households. The natural log of person-years at risk was included as an offset in the model. The coefficient of interaction term for pre-baseline ED visits with treatment group is À0.2126 (p ¼ 0.0179) and coefficient for interaction term of pre-baseline primary visits with treatment group is À0.0520 (p ¼ 0.0670).
improve self-management, 22 we expected the diabetes control intervention would increase primary care services during that 12-month period. 16 CHWs monitored when patients were due to be seen and during their home visits specifically encouraged, reminded, and assisted participants to make and keep regular PCP appointments. 22 Based on standards of care for type 2 diabetes, PCP visits offer opportunities to monitor diabetes control and adjust medication management if needed, (refill/change prescriptions), order timely lab work to monitor lipids and kidney function and encourage other selfmanagement behaviors. 17, 21, 24 The finding of no reduction in ED visits in the CHW group was surprising and may be understood given differences between the American Samoan health care system and those where similar interventions found ED visit declines. 10, 16, 20 AS's primary care facilities were few in number at the time of the research and frequently understaffed so patients seeking non-emergency care, including prescription refills, may choose to visit the ED to receive care that should be provided at a primary care facility. 6 The only pharmacy is located adjacent to the ED at the one hospital. Patients needing medications might have opted for ED care and refills rather than making two trips: one to TC to visit their PCP and another to the pharmacy. Despite not detecting a main effect, our results suggest the intervention's impact on ED visits was modified by use of ED care before enrollment. The CHW intervention seemed to have a greater effect on reducing ED visits among higher ED users in the prior year.
Several studies have examined the impact on health care utilization of CHW interventions with diabetes patients. 10, 15, 16, 20 The Project Sugar 2 study, a CHW intervention among African-American diabetes patients in Baltimore, found significant ED visit reductions in the CHW group but no effect on hospitalizations. 10 Another study in Baltimore African-Americans with diabetes using a CHW intervention found reductions in ED visits and hospitalizations in the CHW group, as well as reduced health system expenditures. 20 Neither of these two studies reported data on PCP visits. The study in Torres Strait Islanders using indigenous health workers to improve diabetes control and care showed significant reductions in hospital admissions for diabetesrelated conditions over the study period, which were sustained 3 years later. 15, 16 No data on PCP visits were reported.
The improved diabetes control with increases in PCP visits is consistent with the overall intervention effect of improved control in the CHW arm, 18 and supports the fundamental mechanism of receiving primary care for diabetes on improved biomedical control. Further, mediation analyses will examine participants' behavioral changes resulting from the CHW intervention visits and permit causal inferences about their effects and strengths on influencing improved diabetic control.
Our and others' results support the use of CHWs, or similar outreach staff, from the same culture and society as diabetes patients in order to improve utilization of the health system. [28] [29] [30] [31] The relationships among PCP and ED visits, hospitalizations, and lengths of stay need further study to provide evidence for comparative effectiveness of CHW interventions with diabetes patients. Certainly, PCP visits are less costly than ED visits and hospitalizations in all health care systems and we can assume that optimal use of PCP visits will reduce excessive ED use and overnight hospital stays. However, increases in PCP visits represent non-trivial health system expenditures and there is a possibility that excessive PCP visits do not improve diabetes control and lead to high costs. The emphasis of future research should be to determine for each society the most efficacious and cost-effective mix of increased PCP visits that lead to improved diabetes control. Strengths of this study that lend weight to these findings include the randomized controlled design, 86% enrollment of eligible individuals, 91% retention and follow-up, and adjustment for baseline health care utilization levels, age, and follow-up time. Using members of the same community and culture as CHWs assured compatibility between the intervention message and the messengers. The CHWs, Samoans recruited from the community, were seen as trustworthy by their patients and thus were able to communicate meaningfully with them, including messages to make and keep appointments with their doctors for diabetes care.
Several limitations of the study deserve mention. Recruitment depended on a positive diagnosis of type 2 diabetes. Individuals who were not aware of their diabetes status, do not regard diabetes as important, or in general have low health literacy about NCDs did not have an opportunity to be recruited, despite our community screening activities. 18 It is possible that selection bias could affect the results because of the way in which participants were selected into the sample. Nonetheless we believe the findings are generalizable to other diabetes patients in resource poor and high-risk populations. The 12-month evaluation period evaluation is relatively short, suggesting further followup assessments. However, since the usual care group received the intervention after 12 months, further longitudinal assessment of the intervention is not possible. In addition, the utilization data are only as complete as the hospital's electronic record and paper charts at TC; there may have been undocumented visits. Unfortunately, there was no means of determining the accuracy of these record systems although an examination of the paper ED log and several paper hospital charts indicated that the electronic record contained more complete utilization information. These data do not include health care received off-island but this was likely uncommon due to costs and travel. Furthermore, participants who traveled off-island for periods exceeding 4 months were censored from the data. Our measurement of HbA1c had a maximum of 14 but the eight individuals with these values were evenly distributed, with five in the usual care and three in the CHW group.
In conclusion, the CHW group's increase in PCP visits, their apparent decrease in ED visits among those with high ED usage in the prior year, and the overall association between increased number of PCP visits and lower Hba1C levels suggest important and beneficial impacts on utilization. Future work should include cost effectiveness analysis of health care utilization, and use of longer follow-up periods for evaluation of long-term impacts of CHW interventions on utilization. To have the greatest impact of utilization and its costs, future interventions might focus on high-risk patients with frequent ED utilization.
